Background
Despite advances in diagnostic imaging techniques for HCC such as US, computed tomography (CT) and magnetic resonance imaging (MRI), many challenges remain unresolved, such as differential diagnosis, surveillance, staging, evaluation of treatment response, treatment guidance, identification of local recurring nodules after treatment, and the diagnosis of intrahepatic recurrence after treatment [6] [7] [8] [9] [10] [11] . Among the techniques used to overcome these problems, Levovist ® -enhanced US has contributed to diagnostic differentiation [12] [13] [14] , evaluation of malignancy grade [15] , evaluation of the therapeutic response to transarterial chemoembolization (TACE) [16] [17] [18] [19] [20] [21] , and needle insertion guidance [22, 23] to some extent. However, there are still significant limitations in the evaluation of the therapeutic response to radiofrequency ablation (RFA) [24] [25] [26] , screening and staging.
The main advantages of Sonazoid ® are that it facilitates stable Kupffer phase imaging tolerable for repeated scanning from 10 to 60 minutes after its injection and the acquisition of real-time blood flow images at low acoustic power. Sonazoid ® is more effective than Levovist ® for real-time vascular imaging, it is easier to use, and it allows accurate imaging even with non high-end machines [27, 28] . This reduces the dependence on skills and machines, which may help facilitate the widespread use of CEUS.
Sonazoid ® -enhanced US in combination with defect reperfusion imaging, which consists of Sonazoid ® reinjection into areas showing defects in the Kupffer phase, is an innovative breakthrough technique that will change the clinical practice of HCC management [4, 5] .
Defect Reperfusion Imaging with Sonazoid ®
CEUS with Sonazoid ® allows the acquisition of stable Kupffer images and real-time fine blood flow images. These features make it a useful technique for the diagnosis of typical HCC, which is depicted by CT but not by B-mode US scanning. Dynamic diagnostic imaging is based on enhancing patterns according to a time sequence or phase. However, by changing the basic idea, combined Kupffer and arterial phase images are obtained by Sonazoid ® reinjection at the Kupffer phase.
After intravenous injection of Sonazoid ® (0.01 ml/kg), early enhancement is observed in the vascular phase, and the presence or absence of defects is determined by an entire liver scan in the Kupffer phase 10-60 minutes after injection. Subsequently, the probe is applied to the area that shows a defect in the Kupffer phase. An additional injection of Sonazoid ® (0.01 ml/kg) is used to determine the presence or absence of arterial blood flow in the defective area (defect reinjection test). A fast wash-in of arterial flow in the Kupffer defect area confirms the diagnosis of HCC [5] . The detection rate of HCC with Sonazoid ® -enhanced US is superior to that of dynamic CT [29] .
Detection of B-Mode US Undetectable HCC and Treatment Guidance
HCC nodules that cannot be visualized by B-mode US, but which are detected by dynamic CT, defects can be detected at the Kupffer phase by Sonazoid ® -enhanced US. Reinjection of Sonazoid ® allows the detection of a clear wash-in and staining in the Kupffer defect area (positive defect reperfusion sign). These defects can be treated by RFA. Kupffer phase Sonazoid ® -enhanced US-guided RFA is possible in almost all cases of HCC that are not identified by B-mode US, with a sensitivity as high as 100% [30] [31] [32] [33] [34] .
Response Evaluation after Locoregional Therapy
Treatment response after RFA or TACE is most accurately evaluated with Sonazoid ® -enhanced US with a concurrent use of defect reperfusion imaging [35] [36] [37] [38] [39] .
Detection of Local Progression after RFA
In cases of local progression or recurrence at a different region after RFA, that is not identified by B-mode US, the recurring nodules can be clearly identified in all cases (sensitivity: 100%) using CEUS with the Sonazoid ® reinjection technique [40] .
Surveillance and Confirmation of HCC
Surveillance of HCC is also possible by Kupffer phase of Sonazoid ® -enhanced US [41] . A defect reperfusion US study is performed in cases in which a Kupffer defect is found. Sonazoid ® (0.01 ml/kg) is intravenously injected into a patient at high risk of HCC (hepatitis B and C liver cirrhosis) in the outpatient setting. Subsequently, patients then undertake a US for the Kupffer phase imaging at between 10-60 minutes post-injection. When a defective area is identified at the Kupffer phase, reinjection of Sonazoid ® is performed to determine the presence or absence of an arterial supply in the Kupffer-defect nodule. If an arterial supply is confirmed, a definitive diagnosis of HCC is also possible [41] . In this way, tiny HCC nodules smaller than 15 mm can be successfully depicted and confirmed.
Diagnosis of Pathologically Early HCC
Nodules showing a hypovascular pattern in the arterial phase on dynamic CT/MRI can show a hypervascular pattern with Sonazoid ® -enhanced US, which is the most sensitive technique for the detection of arterial flow among all imaging modalities [29] . This indicates the presence of arterial flow in a well-to-moderately differentiated HCC nodule.
However, pathologically early HCC usually shows a hypovascular pattern at the early arterial phase and low intensity at the Kupffer phase. Also, it is well known that both dysplastic nodules and early HCC are both fed by portal blood flow, which can be also demonstrated by Sonazoid ® -enhanced US [42] . This pattern provides an important clue for the diagnosis of pathologically early HCC, although a tumor biopsy is necessary for confirmation. In the diagnosis of pathologically early HCC, gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced MRI (Gd-DTPA EOB-MRI) is superior to CEUS with Sonazoid ® , as stated in the Consensus-based HCC Practice Guidelines proposed by the Japan Society of Hepatology [8] . However, in the diagnosis of pathologically early HCC, Sonazoid ® -enhanced US plays an important role to confirm it noninvasively [43, 44] .
Intraoperative US
Intraoperative US is the most sensitive tool for the detection of additional liver nodules that are not detected by preoperative imaging. Kupffer defects detected in the Kupffer phase are not always intrahepatic HCC metastases, and defect reperfusion imaging is useful to distinguish true metastatic HCC lesions from the other types of tumors, such as cysts, hemangiomas or focal nodular hyperplasia [27, 45] .
Diagnosis of the Gross Pathological Type of HCC
Simple nodular with extra growth, and confluent multinodular type of HCC are biologically more malignant than simple nodular type of HCC [46, 47] . CEUS in the Kupffer phase is a useful technique for the identification of the gross pathological type of HCC, which is important to determine the optimal treatment strategy. Defect reperfusion imaging is used to confirm the gross pathological type of HCC, for which the diagnostic accuracy of Sonazoid ® -enhanced US is superior to that of dynamic CT [48, 49] .
Summary
The detection of small nodular lesions in coarse liver parenchyma is difficult by B-mode US alone, although dynamic CT or dynamic MRI can detect arterial enhancing nodules with venous washout. Approximately 10% of HCC nodules that are not detected by B-mode US can be clearly identified by defect reperfusion imaging with Sonazoid ® . The false positive rate increases when the technique is confined to Kupffer phase scanning. In addition to the Kupffer defect, information on arterial vascularity, i.e., the reinjection method, increases the diagnostic accuracy to 100% even in deeply seated nodules.
This breakthrough method allows the detection of nodules that cannot be visualized by B-mode US, as defects on Kupffer images in the stable Kupffer phase. The presence of arterial blood flow in nodules with Kupffer defects is subsequently determined by the reinjection technique, making this method a breakthrough in diagnostic imaging [4, 5] . CEUS with Sonazoid ® reinjection requires no special apparatus or analysis, and is the result of a change in the way of thinking regarding CEUS. For the typical CT image (so-called early enhancement with late washout nodules), defects are easily detected in the Kupffer phase, and arterial perfusion within the defect is subsequently demonstrated by the reinjection test (visualization of staining within the Kupffer defects, which is the reverse phenomenon of early enhancement with late washout). The introduction of this technique has allowed almost 100% accuracy in the detection of lesions observed on CT images that are not visualized on B-mode US images.
If the reinjection test shows no enhancement of a Kupffer defect, this defect differs from the nodule detected by CT. This method then serves to guide needle insertion.
In surveillance, this procedure facilitates screening because Sonazoid ® US can be performed in the setting of a routine examination. In addition, operators only need to concentrate on the delineation of Kupffer defects in the Kupffer phase in contrast to routine B-mode US, in which regenerative nodules or dysplastic nodules may mimic malignant ones. If defects are detected, HCC can be confirmed by Sonazoid ® reinjection, which provides information on both Kupffer cell function and arterial blood flow on the same cross-sectional image. This dual phase fusion imaging allows detection and definitive diagnosis of HCC with 100% confidence. As a result, Sonazoid ® has markedly improved the efficiency of HCC detection.
In the past, CEUS was considered only for nodules previously depicted by B-mode US and was not used as a screening tool. However, this concept changed with the introduction of defect reperfusion imaging using Sonazoid ® .
Defect reperfusion imaging is also useful for the localization of recurrent lesions at a previously ablated area, which is difficult by B-mode US because of the inhomogeneous echo pattern mixed with viable lesions, the ablated area, and ablated surrounding liver. In this setting, even skilled operators have difficulties determining the viable area on B-mode US images alone, which corresponds to the enhancing area on CT because of numerous US cross-sections [50] . This problem has been readily overcome by defect reperfusion imaging with Sonazoid ® .
Defect reperfusion imaging is particularly useful for needle insertion guidance in the treatment of HCC. For invisible nodules on B-mode US, needle insertion can be performed under the guidance of either fusion imaging [51, 52] or SonoVue ® -enhanced US. However, fusion imaging requires CT/MRI volume data and special apparatus. In addition, complete concordance of synchronized images from B-mode US that correspond to the cross-sectional plane of CT/MRI volume data is sometimes difficult. Similarly, under SonoVue ® -enhanced US, puncture should be performed in a very short time in the early arterial phase.
Conversely, in Sonazoid ® -enhanced US, Kupffer defects are detected easily, and whether blood flow is present in defective areas can be determined by the reinjection technique (defect reperfusion imaging) in all cases. Therefore, needle insertion can be easily performed during a stable period in the Kupffer phase, and accurate needle placement followed by sufficient treatment is possible with Sonazoid ® -enhanced US.
Conclusions
CEUS with Sonazoid ® is useful in the characterization of hepatic tumors when compared with multidetector raw CT. Sonazoid ® -enhanced US with defect reperfusion imaging is a breakthrough technique in the diagnosis and treatment of HCC. This innovative technique was developed based on the two major favorable properties of Sonazoid ® , namely, the demonstration of real-time blood flow images with low acoustic power, and stable Kupffer phase images tolerable for repeated scanning in the Kupffer phase. Among them, especially the presence of a Kupffer phase is the key of defect reperfusion imaging. This technique will markedly change the clinical practice of HCC management. The method is not possible with SonoVue ® or Definity ® , which do not have Kupffer phase imaging properties. Although these contrast agents are approved in most parts of the world, the Kuppfer phase imaging technique is only possible using Sonazoid ® , which is so far only approved in Japan, Korea, China and Norway. In this respect, Sonazoid ® should be made more available worldwide.
